Background: No reports have so far described arteriovenous malformation (AVM) in the pancreas caused by a tumor. We herein report a case of pancreatoduodenectomy for a patient who developed duodenal hemorrhage due to AVM developed around serous cystic neoplasm (SCN) of the pancreas. Case presentation: A 79-year-old man was referred to our hospital because of anemia (Hb 7.4 g/dl) and pancreatic head tumor. Computed tomography showed microcystic-type SCN, 87 mm in size, in the pancreatic head. Vascular hyperplasia had developed around the cystic lesion. Upper gastrointestinal endoscopy and colonoscopy did not reveal the cause of anemia, so the patient was followed closely without hemostatic therapy. Iron preparations had improved the anemia. Three months later, the patient developed anemia (Hb 5.8 g/dl) again. Gastrointestinal endoscopy showed oozing from the mucosa in the duodenum via the swollen vascular hyperplasia. He was diagnosed as duodenal hemorrhage from the blood vessels around SCN. Pancreatoduodenectomy was performed to control repeated duodenal bleeding. A histopathological examination revealed that the cystic lesion in the pancreatic head was SCN, and the AVM developed around SCN and duodenum, causing repeated duodenal hemorrhage. The patient was discharged on postoperative day 22. Nine months after surgery, the patient had no recurrence of anemia. Conclusions: There have been no reports of duodenal hemorrhage due to acquired pancreatic AVM around pancreatic tumor, including SCN. We successfully treated a case of duodenal hemorrhage due to pancreatic AVM around SCN by pancreatoduodenectomy.
Background
Serous cystic neoplasm (SCN) constitutes only 1-2% of pancreatic neoplasms and 10-15% of all cystic masses of the pancreas [1, 2] . SCN of the pancreas is regarded as a benign entity with rare malignant potential. SCN has hypervascularity and sometimes induces intratumoral hemorrhage [3, 4] . However, only a few cases of SCN inducing gastrointestinal bleeding or hemoperitoneum have been reported [5] [6] [7] [8] [9] .
Arteriovenous malformation (AVM) is an aberrant vascular shunt between the arterial and venous systems due to the absence of an intervening capillary bed [10] . Pancreatic AVM is rare, and previous reports have shown that pancreatic AVM account for only 0.9-5% of AVM in the gastrointestinal system [11, 12] . AVM of the pancreas has been reported to occasionally induce gastrointestinal bleeding [13] . The proposed causes of pancreatic AVM include congenital malformation (90%) and acquired causes, such as trauma or inflammation [12] ; however, the development of pancreatic AVM around a pancreatic tumor, including SCN, has never been reported.
We herein report a case of AVM that developed around SCN in the pancreatic head and caused duodenal hemorrhage.
Case presentation
A 79-year-old man who had been suffering from anemia for 7 weeks presented to another local hospital. Because a pancreatic head tumor was detected by computed tomography (CT), he was referred to our hospital for the further examination and treatment. Laboratory tests showed severe anemia with hemoglobin levels of 7.4 g/ dl, and tumor markers were within normal ranges (CEA 3.9 ng/mL, CA19-9 24 U/mL). CT showed a microcystic lesion that was enhanced as a honeycomb-like-structure, 87 mm in size, in the pancreatic head. Vascular hyperplasia had developed around the cystic lesion and duodenum (Fig. 1a, b) . The artery and vein of the abnormal vessel around the SCN were enhanced in the arterial phase (Fig. 1c) . On magnetic resonance imaging, the microcystic lesion was hyperintense on T2-weighted Fig. 2 On magnetic resonance imaging, the microcysts were hypointense on T1-weighted imaging (a) and hyperintense with the septum on T2-weighted imaging (b) imaging with the septum (Fig. 2a, b) , so the lesion was diagnosed as microcystic-type SCN. Upper gastrointestinal endoscopy, capsule endoscope, and colonoscopy failed to detect the cause of anemia, so the patient was followed closely without treatment.
Three months later, the patient developed anemia (Hb 5.8 g/dl) again. Gastrointestinal endoscopy showed oozing from the mucosa in the duodenum via the swollen vascular hyperplasia (Fig. 3) . Duodenal hemorrhage caused by the abnormal vessels around the SCN was highly suspected as the culprit. Therefore, pancreatoduodenectomy was performed. First, the inferior pancreaticoduodenal artery and gastroduodenal artery were divided to control intraoperative bleeding from the abnormal vessels around the SCN. After removing the specimen, reconstruction was performed via the modified Child method. The operative time was 479 min, the intraoperative blood loss was 611 mL, and red blood cell transfusion was performed (560 mL). Postoperatively, the patient developed biochemical leak of pancreatic fistula (the International Study Group of Pancreatic Fistula), but this complication was successfully treated conservatively. The patient was discharged on postoperative day 22.
Macroscopically, the pancreatic head lesion was 90 mm in diameter, circumscribed, and well-demarcated from the surrounding pancreas, and had innumerable microcysts (Fig. 4a) . Microscopically, the lesion was composed of cyst locules lined by epithelial cells with round central nuclei (Fig. 4b, c) . The lesion was diagnosed as pancreatic SCN. Abnormal vessels had developed around the SCN and duodenum. In the pancreatic SCN and duodenal submucosa, the development of abnormal vessels, which demonstrate a variety of wall thicknesses, was observed. The elastic fibers of these abnormal vessels showed heterogenous thickness and stained positively for Elastica van Gieson staining. In addition, the structure of these abnormal vessels was Fig. 3 Gastrointestinal endoscopy showed oozing from the swollen vascular hyperplasia (arrow heads) in the duodenum Fig. 4 a The pancreatic head lesion had innumerable microcysts (arrowheads). b Expansion of the square area of (a). The border between SCN and duodenum (arrowheads). The abnormal vessels in the duodenal mucosa (arrows) (HE). c Expansion of the square area of (b). The cyst locules lined by epithelial cells with round central nuclei (HE) different from that of the arteries and veins (Figs. 4b and 5a-d). The abnormal vessels were thus diagnosed as being AVM, and this was thought to most likely be the cause of the duodenal hemorrhage observed in this case.
The patient showed no recurrence of anemia or SCN in the 16 months after the operation.
Discussion
Patients with SCN rarely develop severe symptoms. Jais et al. reported that most patient with SCN were asymptomatic (61%) or had mild symptoms (e.g., abdominal pain, pancreaticobiliary symptoms, diabetes mellitus, abdominal mass, asthenia, nausea, and vomiting) [14] . Intratumoral hemorrhage in SCN occasionally develops [3] . However, gastrointestinal bleeding and hemoperitoneum caused by SCN are rare, and only a few cases of gastrointestinal bleeding or hemoperitoneum caused by rupture of a tumor or duodenal ulcer have been reported (Table 1) [5] [6] [7] [8] [9] . Gastrointestinal bleeding due to the development of pancreatic AVM around an SCN has never been reported. To our knowledge, this is the first report of gastrointestinal bleeding due to the development of pancreatic AVM around SCN. Pancreatic AVM is defined as a timorous formation or vascular anomaly that builds up via an aberrant bypass anastomosis of the arterial and venous systems in the pancreas [15] . Pancreatic AVM is rare, and previous reports have shown that pancreatic AVM accounts for only 0.9-5% of cases of AVM in the gastrointestinal system [11, 12] . Among patients with pancreatic AVM, 90.5% were thought to have the congenital type, which occurs as part of a broader syndrome, such as Osler Weber Rendu [16] . In contrast, acquired-type AVM is generally caused by trauma, tumor, or inflammation [12] . Regarding acquired AVM caused by a tumor, several reports have described cases of acquired AVM due to renal cell carcinoma (RCC), as RCC sometimes induces the development of AVM in the kidney and elsewhere [17, 18] . However, pancreatic AVM around the pancreatic tumor has never been reported.
In the present case, the histopathological examination revealed that abnormal blood vessels had developed around the SCN and the duodenum. These blood vessels penetrated the SCN. It is important to compare the previous imaging findings of these patients with later scans in order to prove that the pancreatic AVM was the acquired subtype; however, previous scans of the pancreas were unavailable. We believe that the AVM which induced duodenal hemorrhaging might have developed due to SCN, given the clinical course, lack of a family history, and lack of a bleeding tendency. Chou et al. summarized previous cases of pancreatic AVM, and the median age at the diagnosis was 50 years (range 0.6-75 years) [12] . The present patient was 79 years old, falling slightly outside of the range of previous patients with pancreatic AVM.
Several reports have recently addressed the relationship of SCN and vascular endothelial growth factor (VEGF) with hypervascularity, which was specifically elevated in both the SCN cyst fluid and lesion tissue [19, 20] . VEGF is crucial for the development of AVM, and previous reports have shown that high VEGF levels in RCC cause acquired AVM [17, 18] . In the present case, microvascular hyperplasia was detected around SCN, and the AVM surrounded the SCN. Although acquired AVM has been reported to be caused by trauma, inflammation, and tumors [12] , present case had no history of trauma. SCN causes slight inflammation but not enough to induce pancreatitis. In the present case, immunohistochemical findings showed that the type 2 VEGF receptor (VEGFR2) was expressed specifically in the endothelium of vascular tissue around SCN (Fig. 6a-d) . However, VEGF antibody stains not only the SCN cellular membrane but also the duodenal membrane and normal pancreas. Chris et al. mentioned that some VEGF antibodies were regarded as unfit for VEGF immunostaining based on poor immunostaining criteria, thus making it difficult to accurately stain VEGF [21] . We therefore cannot draw definitive conclusions based on the present immunohistochemical findings. However, the expression of VEGF and VEGFR2 by SCN may have promoted angiogenesis, thereby inducing the development of acquired AVM around pancreatic SCN.
In previous reports, clinical symptoms included gastrointestinal bleeding (49.3%) and abdominal pain and/or back pain (40.6%), while patients (18.8%) were asymptomatic [22] . The causes of gastrointestinal bleeding from pancreatic AVM in 26 patients were reported. Esophageal or gastric varices from portal hypertension were observed in 11 patients (42%). Duodenal ulcer or duodenal bleeding was observed in 13 patients (50%). Hemobilia was observed in three patients (12%), and pancreatic duct bleeding was observed in two patients (8%) [13] . The treatment of pancreatic AVM is controversial. In pancreatic AVM case series reported by Chou et al., surgical resection has been considered the first choice (43.8%), but it is not always feasible given its invasiveness. Transarterial embolization (TAE) alone (11.2%), TAE + surgery (10.1%), and radiotherapy (2.2%) have been attempted as alternative or adjunct treatments [12] . Some reports recommend surgical resection or TAE for not only symptomatic pancreatic AVM but also asymptomatic cases due to the risk of gastrointestinal bleeding or rupture of the esophageal varices in response to the portal hypertension induced by pancreatic AVM [12, 22] . We decided to perform pancreatoduodenectomy in the present case to control repeated duodenal bleeding caused by the AVM that had developed around the SCN. Pancreatectomy should be considered in patients who develop gastrointestinal bleeding from pancreatic AVM around a pancreatic tumor, as it can be difficult to control the duodenal bleeding by other treatments.
Conclusion
There have been no reports of duodenal hemorrhage due to acquired pancreatic AVM around pancreatic tumor. We successfully treated duodenal hemorrhage due to pancreatic AVM around SCN by pancreatoduodenectomy. 
